Objective: To enhance theoretical support of pyogenic liver abscess (PLA) treatment by comparing characteristics of patients with either PLA with an identified infectious origin (non-cryptogenic) or PLA with no obvious underlying cause (cryptogenic). Methods: This retrospective study included all first episodes of PLA in adults admitted to a tertiary hospital between 2009 and 2016. Relevant clinical data were collected for patients with cryptogenic or non-cryptogenic PLA and compared across a number of characteristics. Results: In all, 178 patients were included: 111 cases (62.4%) of cryptogenic PLA, and 67 cases (37.6%) of non-cryptogenic PLA. Diabetes mellitus was significantly more prevalent in patients with cryptogenic PLA than those with non-cryptogenic PLA. The proportion of multidrug resistance/poly-microbial infection was significantly lower and Klebsiella pneumoniae infection was significantly higher in the cryptogenic versus non-cryptogenic PLA group. Metastatic infection occurred in four patients with cryptogenic PLA only, and all had diabetes and K. pneumoniae infection. Multivariate logistic regression analysis revealed that male sex, diabetes and K. pneumoniae were independent predictors for cryptogenic PLA. Conclusions: Cryptogenic and non-cryptogenic PLA have distinctly different characteristics, suggesting a potential need for different treatment approaches.
Introduction
Pyogenic liver abscess (PLA) is an uncommon but serious life-threatening infection with pathophysiological characteristics that have changed over time. The incidence of PLA ranges from 1.1 to 17.6 per 10 000 throughout the world, with a mortality rate of approximately 6-19%, even when patients are treated. [1] [2] [3] [4] A large populationbased retrospective study in Northeast China reported an incidence rate in China of 5.7 per 10 000. 5 PLA-associated heterogeneities and complications remain a major diagnostic and therapeutic challenge worldwide. PLA usually develops following biliary infections or infections of organs drained by the portal vein, such as appendicitis or inflammatory bowel disease, with causes and microbiological agents associated with PLA largely differing between the East and West. In the East, liver abscesses are predominately cryptogenic, whereas in the West, biliary abnormalities or malignancy are the main causes. 6, 7 In their 1938 paper, Ochsner et al. 1 reported that PLA occurred primarily in young males affected by intra-abdominal infections (usually caused by phlebitis secondary to acute appendicitis) and had a mortality rate of over 50%. By the 1980s, the infectious origin of PLA had changed dramatically, and was most frequently associated with biliary tract disease, 2, 3 with Escherichia coli thought to be the most common causative pathogen. Since the 1990s, PLA has most commonly been reported to be of cryptogenic origin, where a significant underlying cause cannot be determined. More recently, cryptogenic PLA has increased in prevalence worldwide, particularly in some Asian regions, such as Taiwan, 8, 9 Korea 6 and Hong Kong, 10 where cryptogenic PLA has a predominance of 48-65%, and Klebsiella pneumoniae has replaced E. coli as the major pathogenic bacteria. 11 The features of K. pneumonia PLA have been widely described. 11, 12 The mortality rate of PLA has declined substantially over time, while the average age of patients with PLA has increased. 6, 10, 13, 14 Pyogenic liver abscess may be classified as non-cryptogenic or cryptogenic according to aetiology. Although a great deal of research has focused on the epidemiology and clinical outcome of PLA, the characteristics of cryptogenic PLA are not well described. [15] [16] [17] Due to a current lack of research focus on the difference between cryptogenic and non-cryptogenic PLA, it remains unclear if there is an apparent discrepancy in epidemiologic, microbiologic or treatment characteristics between the two. Studies that focused on PLA of biliary origin found that such cases often involved multidrug resistant bacteria and mixed infections caused mainly by E. coli and other isolates, quite different from cryptogenic PLA. 6, 14 Since the prevalence of cryptogenic PLA has increased worldwide, particularly in some Asia regions, gaining knowledge of any characteristic differences between cryptogenic and non-cryptogenic PLA has become more urgent.
The purpose of the present study was to compare epidemiologic, microbial or treatment characteristics between cryptogenic and non-cryptogenic PLA, by reviewing clinical data collected over a 7-year period from patients in a tertiary teaching hospital, in order to provide theoretical support for PLA treatment.
Patients and methods

Study population
This retrospective study included clinical data from consecutively enrolled adult patients with PLA who were admitted to the First Affiliated Hospital of Xiamen University, a 2 500-bed tertiary-level hospital in Xiamen, China, between January 2009 and December 2016. All included PLA diagnoses met more than one of the following criteria: 7 (1) !1 liver abscess in an image-guided puncture, (2) !1 liver abscess discovered during surgery, (3) !1 sign of liver inflammatory lesions (multiple low density spots in the liver observed by computed tomography [CT] or abdominal ultrasonography) with no completely liquefied necrosis, or an abscess found on imaging associated with the patient's symptoms/ signs of infection, (4) positive bacterial cultures from abscess samples, and (5) cryptogenic abscess in which no source of infection could be identified. Each lesion was correlated with microorganisms in blood cultures or acute inflammation in liver biopsies, and all were treated with antimicrobial agents. The antibiotic strategy was adjusted based on the clinical presentation and the initial bacterial culture results. All microbiology samples, including blood and pus, were processed for bacterial culture in the Division of Clinical Microbiology, the First Affiliated Hospital of Xiamen University. Patients were excluded if PLA was caused by fungi, tubercle bacillus, amoebas or primary hepatic carcinoma. Patients <18 years of age were also excluded. The experimental protocol was approved by the Ethics Committee of Xiamen University and every participant provided written informed consent.
Study design
The following data were retrospectively collected: (1) patient demographics, including age, sex, and duration of symptoms; (2) co-existing conditions (including alcoholism, diabetes mellitus [diabetes], hepatitis B virus or hepatitis C virus, malignancy, chronic kidney disease, hypertension and cardiovascular disease); (3) symptoms/signs and laboratory findings on admission, and imaging and microorganism findings; (4) initial treatment modality and outcomes. Percutaneous or surgical intervention-acquired abscess samples and at least two blood cultures were assessed using Gram stain and bacterial cultures. Clinical severity was evaluated as Charlson scores 18 and acute physiology and chronic health evaluation (APACHE)-II scores. 19 The infectious origins of PLA were determined by imaging (ultrasound and CT) or based on medical history and surgical information. In each case, the infectious origin of PLA was classified as one of the following six categories: by (1) biliary tract, (2) portal vein, (3) direct extension, (4) trauma, (5) hepatic artery (all grouped as non-cryptogenic PLA), or (6) cryptogenic, meaning without obvious source of extrahepatic infection following full investigation. 7 Metastatic infection was diagnosed based on imaging findings or when the pathogen found to cause PLA was also found in a distant infection site. Patients were divided into non-cryptogenic or cryptogenic PLA groups, depending on PLA being with or without an obvious infectious origin, respectively.
Pathogens and treatment outcome
Microorganisms from blood and PLA samples were isolated at the Division of Clinical Microbiology, the First Affiliated Hospital of Xiamen University, where they were identified using standard aerobic and anaerobic diagnostic techniques and tested for antimicrobial susceptibility using the disk diffusion method. Strains were designated as multidrug resistant if they showed nonsusceptibility to ! one agent in ! three classes of antimicrobial drugs. 20 Complex infection was defined as multidrug resistant isolates or polymicrobial infection. Initial treatment modalities were divided into the following three types: antibiotics alone, percutaneous drain plus antibiotics, or surgery plus antibiotics. Outcomes were evaluated including the time to defervescence following admission, complications (septic shock or metastatic infection), intensive care unit (ICU) admission, duration of treatment with antibiotics, duration of hospital stay and overall 28-day mortality in the hospital.
Statistical analyses
Data are presented as mean AE SD or median (interquartile range [IQR]) for continuous variables, or n (% prevalence) for categorical variables, and were statistically analysed using SPSS software, version 22 (IBM, Armonk, NY, USA). As this was a retrospective study with a relatively small sample size, odds ratios (ORs) and 95% confidence intervals (CIs) of associations between dependent and independent variables were estimated using exact methods instead of conventional logistic regression procedures. 21 For all OR estimates, sex, age and the duration of symptoms prior to admission were considered as possible confounders. All continuous data were analysed by independent samples one-or twotailed t-test, and v 2 -test or Fisher's exact test was used to analyse categorical data. Risk factors related to cryptogenic and non-cryptogenic PLA were investigated by multivariate analyses of demographics, comorbidities, symptoms/signs, laboratory findings, imaging features, microorganisms, and complications using a forward stepwise method of logistic regression. All factors analysed in the single factor study were included as input variables. A P value <0.05 was defined as statistically significant. Table 1 ). The median duration of symptoms prior to hospital admission was 5.0 days (IQR, 3.0-8.0 days) in the cryptogenic PLA group and 6.0 days (IQR, 1.0-10.0 days) in the non-cryptogenic PLA group.
Results
Demographic and baseline characteristics
Clinical presentation and investigations
Analyses of clinical characteristics in the cryptogenic and non-cryptogenic PLA groups ( Table 1 
Imaging findings on admission
Every patient underwent a chest and abdomen CT scan on admission, and abdominal ultrasound examinations were performed in all patients. There were no statistically significant between-group differences in findings from images obtained on admission ( 
Laboratory findings on admission
Laboratory findings recorded on admission are shown in Table 2 . The most frequently observed abnormal parameter in both PLA groups was C reactive protein. After adjustment for confounders, there were no statistically significant between-group differences in rates of abnormal laboratory findings for any of the parameters tested. 
Microbiology characteristics
Microbiological analyses of blood or abscess cultures revealed that 103 patients were positive for microbial infection: 60/111 (54.1%) patients with cryptogenic PLA and 43/67 (64.2%) patients with non-cryptogenic PLA (Table 3 ). In terms of specific pathogens, complex infections (multidrug resistant isolates or polymicrobial infection) were less frequent in the cryptogenic PLA group than 
Treatment outcomes and complications
Recorded treatments and outcomes for the patients with PLA are presented in (Table 4) . Representative photographic and imaging findings for one patient in the cryptogenic PLA group, who had three sites of metastatic infection, are shown in Figure 2 . Overall, the most common sites of metastatic infection were eye (2/4 cases), brain (2/4 cases) and lung (3/4 cases). All four patients with metastatic infection had diabetes and were infected with K. pneumoniae. There was no significant difference in the frequency of complications between the cryptogenic and non-cryptogenic PLA groups. Overall 28-day mortality rates in the cryptogenic and non-cryptogenic PLA groups were 3/111 (2.7%) and 5/67 (7.5%), respectively, with no statistically significant difference between them (adjusted OR 2.184, 95% CI 0.484, 9.856).
Predictors for cryptogenic and noncryptogenic PLA
In multivariate logistic regression analyses, patients' demographics, comorbidities, symptoms/signs, laboratory findings, imaging features, microorganisms, and complications were processed using a forward stepwise method. Results showed that male sex (P ¼ 0.023; OR 4.070, 95% CI 1.218, 13.601), diabetes (P ¼ 0.003; OR 8.387, 95% CI 2.107, 33.379) and K. pneumoniae (P ¼ 0.036; OR 5.018, 95% CI 1.109, 22.704) were independent predictors for cryptogenic PLA, while age (P ¼ 0.015; OR 1.057, 95% CI 1.011, 1.015) was an independent predictor for non-cryptogenic PLA.
Discussion
In the present study, significant differences in demographics, comorbidities and microbiological features were found between patients with cryptogenic PLA and noncryptogenic PLA. Over the last century, remarkable changes have occurred in the epidemiology, infectious origins, microbiology, treatment, and mortality rate of PLA. 1, 22, 23 In the present study, most cases of PLA were considered to be cryptogenic, while biliary disease was the most common identifiable cause of PLA in noncryptogenic cases. The findings related to infectious origin were in accordance with those reported in two recent large case reports in China, 5, 13, 24 and changes to the infectious origin of PLA are likely to be the result of improvements in antibiotics and treatment modalities.
The proportion of patients with diabetes was nearly 2-fold higher in the present cryptogenic versus non-cryptogenic PLA population and was similar to recent reports in patients with PLA, in which prevalence rates ranged from 35.4% to approximately 44.3%. 5, 13, 15 The present results are also generally consistent with those presented in a study by Chen et al., 25 in which 48% of the cryptogenic group also had diabetes. In another study, diabetes was the most common comorbidity and reported to be one of the recognized risk factors for PLA. 26 A large population-based epidemiological study 27 reported that patients with diabetes had a 3.6-fold higher risk of experiencing PLA than those without diabetes. One potential reason for this finding is that hyperglycaemia is known to alter neutrophil metabolism and impair chemotaxis and phagocytosis, thus interfering with the immune response. 28 Key findings in the present study were that microbiological characteristics were very different between the cryptogenic and non-cryptogenic PLA groups, and that K. pneumoniae had replaced E. coli as the predominant pathogen in both PLA groups. The frequency at which K. pneumoniae was isolated was found to be significantly higher in patients with cryptogenic PLA than in those with non-cryptogenic PLA, while E. coli was more prevalent in patients with non-cryptogenic PLA. These findings agree with results from other recent studies that reported the frequency of K. pneumoniae isolates in cryptogenic PLA, ranging from 41% to 88%. 6, 14, 25 Furthermore, the distribution of bacteria associated with noncryptogenic PLA in the present study was consistent with the pathogenic distribution reported in biliary tract infections. 29 Incidence of complex infection (multidrug resistant/polymicrobial infection) was significantly higher in the present noncryptogenic PLA group than in the cryptogenic PLA group. Other studies 14, 30 have suggested that polymicrobial PLA is usually secondary to biliary tract stones, malignancies, or intra-abdominal infections. Two patients with cryptogenic PLA and two with non-cryptogenic PLA were found to have ESBL-producing K. pneumoniae isolates in the present study population, but none of these K. pneumoniae-infected patients had carbapenem-resistant strains. ESBL-producing strains of this bacterium present a challenge for clinicians because they can be resistant to third-generation cephalosporin, and carbapenems are therefore used as the first choice in affected individuals. 31 In the present study, four cases in the cryptogenic PLA group were identified to have K. pneumoniae invasive syndrome with metastatic infections at various sites, including a lung abscess, brain abscess and endophthalmitis, and all four of these patients had diabetes. This finding contrasts with those reported in recent larger case studies of PLA in China, 5, 14, 17, 24 in which no cases with metastatic infections were observed. Invasive syndrome was first reported in Taiwan in the 1980s, 32 and subsequent cases have been described in other Asian countries, such as Hong Kong, 33 Korea 6 and Singapore. 34 One study reported that among patients with a K. pneumoniae liver abscess, 35 the incidence of metastatic infection was 15.5%, while the rate of meningitis was 64.7% and that of endophthalmitis was 23.5%. Thus, all patients with PLA, and particularly those with K. pneumoniae associated cryptogenic PLA, should be screened for metastatic infection at sites including the lungs, eyes and brain. Furthermore, diabetes may be a risk factor for metastatic infection. For example, diabetes has been found to increase the frequency of metastasis 20-fold. 9 Prior studies 36, 37 have demonstrated that the K1 and K2 serotypes of K. pneumoniae were associated with invasive syndrome. Although the origin of infection in cryptogenic PLA is unclear, several studies have indicated that K. pneumoniae strains infect the liver via the gastrointestinal tract. 38, 39 One study noted that K. pneumoniae strains isolated from patients with PLA and healthy carriers of K. pneumoniae expressed the same virulence-related genes on pulsed-field gel electrophoresis profiles. 39 The findings of an animal-model study 40 suggested that K. pneumoniae strains can cross the intestinal barrier to cause liver abscesses. Further studies in animal models are therefore needed to explore the relationship between K. pneumoniae and diabetes in the development of cryptogenic PLA.
In the present study, the main therapeutic methods used to treat PLA included antimicrobials and adequate drainage of the abscess. An age of !55 years, an abscess !5 cm in size, and involvement of both lobes of the liver have been reported as factors that predict the need for aspiration in a liver abscess. 41 Initial surgery may also be indicated in patients with larger abscesses measuring >10 cm in diameter. In the present study population, the rate of surgery was higher in patients with non-cryptogenic PLA than in those with cryptogenic PLA. The reasons for surgery were typically a large abscess, difficulty accessing the abscess, multiple comorbidities, and other complicating factors.
In the present case series, the overall 28-day mortality in patients with PLA was 4.5%, which is slightly lower than previously reported rates of 5-12.5%. 13, 14, 29, 31 This may be partly because the patients in the present study were relatively young compared with those in previous reports. Additionally, the relatively high rate of ICU admission (19.1%) in the present study likely contributed to the decreased mortality.
Some study limitations should be noted. First, this was a retrospectively study, and all data were reviewed through medical records. Secondly, the incidence of cryptogenic PLA may be overestimated; as none of the patients underwent colonoscopy or endoscopic retrograde cholangiopancreatography, the incidence of colonic or biliary tract disease may have been underestimated. Thirdly, the number of patients was relatively small. Nevertheless, the First Affiliated Hospital of Xiamen University is one of the largest hospitals in South-eastern China, and the present study is therefore likely to present a true reflection of the actual features of this region.
In conclusion, K. pneumoniae was found to be the most common infectious origin in cases of cryptogenic PLA, which was a distinct category of PLA. These data reveal a potential need for the classification of PLA into cryptogenic and non-cryptogenic types at onset, to guide empiric antimicrobial therapies, treatment modality, and screening for complications including metastatic infection.
